The steady state performance characteristics of centrally loaded 60 degree single pad externally adjustable partial arc bearing is studied theoretically. Principal feature of the bearing is the facility to control its radial clearance and circumferential film thickness gradient, during operation. The bearing has aspect ratios of 1.0, 0.5 and 0.25 and operates over a wide range of eccentricity ratios and adjustments. Steady state performance characteristics of the bearing are presented in terms of attitude angle, load carrying capacity, oil flow and friction variable. The steady state form of Reynolds equation in two dimensions is solved numerically using the finite difference method. The effect of tilt and the radial adjustments on the steady state performance characteristics are presented in the form of plots. A comparative study predicts that negative radial and negative tilt adjustment results in better load carrying capacity with reduced oil flow and friction.
Introduction
Modern high-speed machines require a well-designed hydrodynamic bearing with improved characteristics like high speed, high stability, low power absorption, low cost and ease of maintenance and replacement. Power dissipation can be reduced by reducing the bearing surface area. In circular bearings, a reduction in bearing area will result in significant penalties like decrease in load carrying capacity and bearing stiffness, increase in heat generation and thermal distortion. Thus, circular bearings can only offer a little improvement on the performance. Attention was therefore directed to non-circular forms like lemon bore, offset half, pressure dam and multi-lobe bearings by Akkok and Ettles (1) , Schuller ( 2) (3) , Malik, Chandra, and Sinhasan (4) (5) . The notable feature of all these types which contributes to an improvement of performance and therefore, are called the anti-whirl, multi-film bearings in Malik (6) , Akkok , Ettles, McC and Safar (7) , Soni , Sinhasan and Singh (8) . All such improved bearings, however retain the essential characteristic of being reactive to the operating loads and conditions. Another limitation is that, the bearing surface cannot be altered whilst the bearing is in operation. Hence, adjustable bearing is one option. Adjustable fluid film bearing has been devised whereby the hydrodynamic conditions can be changed as required in a continuously controlled manner during operation. Martin and Parkins (9) demonstrated that continuously adjustable pad bearing with inverse orientations, i.e., a rotor on a stationary shaft; has excellent attributes like high speed, high stability and low power absorption and proved that it has superior static characteristics.
This paper deals with a theoretical approach to determine the effect of tilt and radial adjustments on steady state performance characteristics of a centrally loaded, single pad externally adjustable bearing having conventional orientation, i.e., rotating shaft. Principal feature of the bearing is the facility to adjust clearance in radial direction and film thickness gradient in circumferential direction, in a controlled manner during operation. Unlike a tilting pad bearing, this bearing can have radial adjustments. The tilt adjustments are obtained by providing flexibility to the pad at one corner. Being a tilted lobe bearing, it has superior static characteristics. Moreover, it has bearing wear compensation and of pad tilt maneuver via clearance adjustment. In the present analysis, modified film thickness equation incorporates adjustments provided to the pad. Typical results obtained are presented in the form of plots, which can be used conveniently in the design of such bearings as these are presented in dimensionless form. 
Design Considerations
The principal feature of the bearing is the facility to control the bearing radial clearance and the film thickness gradient in the circumferential direction. This is achieved by externally adjustable bearing element. Bearing element or pad can be given a small tilting motion about its leading edge as well as an adjustment in the radial direction. Both these adjustments are obtained by inter -changeable spacers. Schematic diagram of a single pad configuration is shown in Fig.1 . One more notable feature of the bearing is that it behaves as a conventional partial arc bearing, when both the adjustments are set to zero. 
Theory
The governing equation is Reynolds equation in two dimensions for an incompressible fluid .It can be written as
Lubricant film profile was determined by superimposing the effect of normalized tilt and radial adjustments on the conventional expression for the film thickness (10) .
( )
Pressure along the bearing edges were set to zero. Cavitation was allowed to occur at ambient pressure by setting all calculated negative pressure equal to zero throughout the iterative solution scheme (10) . This implies that the lubricant film ruptures and reforms when 
Steady State Characteristics
Under steady state conditions, the time dependent term in Eq. (1) is neglected. The governing equation will then in its non dimensional form be
Computational Technique
A computer program was developed to determine the performance characteristics such as attitude angle, lubricant flow rate, friction and load carrying capacity. The finite difference approximation scheme was adopted with a solution of the resulting set of simultaneous equations being obtained by a Gauss-Seidel method incorporating the successive over relaxation.
The load carrying capacity and the attitude angle were calculated from the pressure distribution. In the conventional bearing the coordinate θ in the circumferential direction is taken from the position of the maximum film thickness. Here, this position needs to be found beforehand. This is done by assuming an arbitrary value of attitude angle ψ and the coordinate θ * is measured from the vertical position as shown in Fig 
After each calculation, the attitude angle calculated from Eq. (7) The total lubricant flow rate is given by 
Consequently coefficient of friction is obtained as follows
Results and Discussions
Performance characteristics for L/D =1.0 with zero tilt and zero radial adjustments along with the results given by Raimondi and Boyd (11) is tabulated in Table 1 . On comparison, it is evident that results from present analysis agree well with the results given by Raimondi and Boyd (11) .
Table1: Performance characteristics for L/D=1 with zero tilt and zero radial adjustment
Ref. (11) Present analysis
Ref. Following observations are made on a specified set of R adj .
Attitude Angle
The influence of tilt (T adj ) and radial (R adj ) adjustments on attitude angle is shown in Fig.2 to Fig.4 . With -T adj attitude angle is less compared to +T adj . This is because -T adj reduces the film thickness and consecutively increases the radial component of load carrying capacity. These figures also show that for extreme adjustments with L/D =1.0, attitude angle is less compared to other L/D ratios. Figure 5 to Fig.7 show the variation of oil flow with tilt and radial adjustments. At lower values of eccentricity ratio, with -T adj , oil flow is high when compared to +T adj . Consequently, for the higher values of eccentricity ratio with -T adj , oil flow is low when compared to +T adj . This is because with -T adj and higher values of ε 0 film thickness reduces and pressure gradient at inlet and exit ends increases which in turn increases end leakage. These figures also show that for extreme adjustments with L/D =1.0, oil flow is less compared to other L/D ratios.
Oil Flow

